Vitamin D is finding increasing health implications beyond calcium homeostasis. Vitamin D deficiency is prevalent globally including India. Many asymptomatic individuals have hypovitaminosis implicating the need for intervention. The present study aimed at evaluating vitamin D levels among healthy medical students from southern India and its association with well-known risk factors. Hundred apparently healthy medical students between the age group of 18-25 years were recruited based on defined inclusion and exclusion criteria. A questionnaire form with details of sun exposure, tanning, milk intake, general health and drug history were obtained. Vitamin D levels were assessed by chemiluminescent immunoassay (CLIA). Vitamin D values were considered normal for 30-60 ng/ml, deficient for <20 ng/ml and insufficient for levels between 21-29 ng/ml. Majority of the students (89%) had deficient 25-hydroxyvitamin D levels while 8% of the student had insufficient and 3% of the students had sufficient 25-hydroxyvitamin D levels. The mean 25-hydroxyvitamin D level was 14.01±6.20 ng/ml, median level was 12.95 ng/ml and ranged between 5.15 to 43.01 ng/ml. No statistically significant association was noted with sex, BMI, sun exposure, dietary intake or serum calcium levels. To conclude, vitamin D deficiency is highly prevalent in asymptomatic medical students and showed lack of relationship with the well-defined risk factors in literature prompting to look for newer risk factors in this country.
Introduction
Vitamin D is increasingly being recognized as an important indicator of health [1] . It is involved in calcium homeostasis and skeletal health but identification of vitamin D receptors and its actions at cellular level have recognized its increasing role in health [2] . Vitamin D deficiency is commonly seen across the globe even in asymptomatic individuals [3] . Contrary to the belief it is common in sunny countries like India. Recent studies have indicated higher prevalence of vitamin D deficiency in health care workers. The primary aim of this study was to evaluate the prevalence of this condition among the group of medical students and identify risk factors associated with it.
Materials and Methods
This cross-sectional study was conducted in the Department of Physiology, Vydehi Institute of Medical Sciences, Bengaluru between September
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Ann Med Physiol. 2018; 2 (1) 2015 and September 2017. Based on previous literature, considering 86% prevalence of vitamin D deficiency (average of result of i.e. 76% and 96%) with 10% relative precision and 95% confidence level, the minimum required sample size was calculated as 63. As it was cross-sectional study, sample size was increased to recruit total of 100 apparently healthy medical students of either gender aged 18-25 years. Participants with history of liver disease, kidney disease, malabsorption syndrome, thyroid disease, hypertension and diabetes mellitus were excluded. Participants taking calcium and vitamin D supplements or drugs interfering with vitamin D metabolism were also excluded. Prior to the commencement, the ethical clearance was obtained from Institutional Ethics Committee. The medical students were screened for eligibility based on selection criteria. Those fulfilling selection criteria and expressing their willingness to participate in the study were explained about the nature of the study and these students were enrolled after obtaining a written informed consent. Medical students were interviewed and socio-demographic data like age, gender were noted and detailed history about liver disease, kidney disease, diabetes, supplementation of vitamin D and other medical history were obtained. Every student was provided with the questionnaire which covered various aspects pertaining to the dietary habits, exposure to sunlight, ethnic background, vitamin supplementation and evidence of malabsorption ( Table 1) [4] . Further these students were subjected to clinical examination and blood pressure was noted so as to rule out hypertension. Following the clinical examination all the students underwent following investigations -Serum calcium and 25-hydroxyvitamin D estimation. 
Statistical analysis
The statistical analysis was done using SPSS version 20.0. The categorical variables were represented in terms of number and percentages. The continuous variables were reported as mean ± standard deviation. The proportion of vitamin D deficiency among the medical students was reported. The association between the categorical Ann Med Physiol. 2018; 2 (1) 13 variables and hypovitaminosis D was examined using Chi-Square test or Fisher's exact test as appropriate. The mean vitamin D levels among males and females were compared using independent sample t-test. A probability value (p values) of <0.05 was considered statistically significant.
Results
A total of 100 apparently healthy MBBS students aged between 18 and 25 years studying at Vydehi Institute of Medical Sciences & Research Centre, Bengaluru were studied. In the present study, 54% of the students were males and 46% were females. The male to female ratio was 1.17:1. 54% of the students had history of use of sun tan in past 12 months and 51% of the students had 5 to 15 minutes duration of exposure to sun. Only one student (1%) reported using tanning booth in past one year. In the present study, most of the students (50%) had at least one milk serving per day. In this study 11% of the students reported history of multivitamin consumption, 9% had history of omega 3 fatty acids consumption and 5% of the students reported history of diarrhea. In this study majority of the students (89%) had deficient 25-hydroxyvitamin D levels while 8% of the student had insufficient 25-hydroxyvitamin D levels and 3% of the students had sufficient 25-hydroxyvitamin D levels. The mean 25-hydroxyvitamin D levels were 14.01±6.20 ng/ml and median levels were 12.95 ng/ml and ranged between 5.15 to 43.01 ng/ml ( Table 2) .
Sixty five percent of the students had serum calcium levels between 8.4 to 10.2 mg/dl while 22% had serum calcium levels of >10.2 mg/dl and 13% had serum calcium levels of <8.4 mg/dl. The mean serum calcium levels were 9.56±0.85 mg/dl and median levels were 9.80 mg/dl with range 7.62 to 10.90 mg/dl.
There was no association between sex and 25-hydroxyvitamin D levels (p=0.597) in this study. The mean 25-hydroxyvitamin D levels were slightly high in males (15.17±5.06 ng/ml) compared to females (13.01±6.92 ng/ml). But, the difference observed was statistically not significant (p=0.084).
In this study the mean 25-hydroxyvitamin D levels were low (13.48±4.28 ng/ml) in students with BMI between 25 to 29.99 kg/m 2 , compared to those who had BMI between 23.00 to 24.99 kg/m 2 (13.70±7.40ng/ml) and BMI between 18.5 to 22.99 kg/m 2 (14.55±46.71 ng/ml). However the difference observed was statistically not significant (p=0.896).
In the present study quantity of daily milk serving was not associated with 25-hydroxyvitamin D levels (p=0.215). No association was found between duration of exposure to sun during last week with 25-hydroxyvitamin D levels (p=0.948) or use of sun tan in past 12 months with 25-hydroxyvitamin D levels (p=0.597). Serum calcium levels showed no association with 25-hydroxyvitamin D levels (p=0.962) ( Table 2) .
Discussion
Vitamin D belongs to the group of fat-soluble vitamins. Diet is a poor source as very few foods contain vitamin D; hence dermal synthesis is the major natural source of this vitamin. The dermal 7-dehydrocholesterol gets converted in to pre-vitamin D on absorbing UVB radiation from sunlight [5] . Vitamin D from the diet or dermal synthesis is biologically inactive and requires enzymatic conversion to active metabolites (Figure 1) Vitamin D insufficiency appears to be common among those who are old aged, inadequately exposed to sun, dark skinned, obese, on medications that interfere with the metabolism of vitamin, use of sunscreens, osteoporosis, malabsorption including inflammatory bowel disease and celiac disease. There are several causes of vitamin D deficiency, including decreased intake or absorption, reduced sun exposure, increased hepatic catabolism, decreased endogenous synthesis (via decreased 25-hydroxylation in the liver or 1-hydroxylation in the kidney) or end-organ resistance to vitamin D. Similar results are seen in our study, the 25-hydroxyvitamin D levels ranged between 5.15 and 43.01 ng/ml. Majority of the students (89%) had deficient 25-hydroxyvitamin D levels (<20 ng/ml) and 8% of the student had insufficient 25-hydroxyvitamin D levels (21 to 30 ng/ml) while only 3% of the students had sufficient 25-hydroxyvitamin D levels (30 to 100 ng/ml). The mean and median 25-hydroxyvitamin D levels were 14.01±6.20 ng/ml and 12.95 ng/ml respectively indicating overall vitamin D deficiency. These findings suggest that, there is high prevalence of vitamin D deficiency in the study area to the extent that almost every individual is having either vitamin D deficiency or insufficiency translating almost 9 out of 10 individuals with vitamin D deficiency.
In the present study, 54% of the students had history of use of sun tan in past 12 months. However, the vitamin D deficiency was noted in almost equal number of students with history of sun tanning (90.74%) and those who did not have history of sun tanning (86.96%) (p=0.597) suggesting lack of association between history of sun tan and vitamin D deficiency. These findings need further validation due to lack of similar data in the literature.
Limitations
The potential limitation of this study was that it was cross-sectional rather than longitudinal. Comparisons between first-year and fourth-year students became sub-optimal. Also, the chemiluminescence immunoassay is not the gold standard method for the measurement of 25(OH)D levels. Besides, information on consumption of milk and exposure to sunlight was collected by means of a validated questionnaire rather than data collection sheet. Dual-energy X-ray absorptiometry scan is suggested to evaluate bone mineral density which was not done for economic limitation.
Conclusion
The vitamin D deficiency is highly prevalent in asymptomatic medical students residing in study area. The present study interestingly showed lack of relationship of vitamin D deficiency with the welldefined risk factors in literature prompting to look for newer risk factors in this country. Further studies are required to confirm these findings and plan interventions to prevent Vitamin D deficiency in asymptomatic population.
